Abstract. This paper conducts experiments on the leakage of metal rubber seal based on different relative densities, and analyzes the influence of relative density has on the sealing performance of the mental rubber under different operating pressures and temperatures. The results obtained manifest the changing rules of metal rubber seal leakage rates with different relative densities according to the alteration of temperature under different pressures, and the changing rules of metal rubber seal leakage rates with different relative densities according to the alteration of pressure under different temperatures. The finding of this paper provides certain guidance for the practical application of sealing elements.
Introduction
Along with the rapid development of aeronautic technology, the increasingly complex working environment brings higher requirements for sealing elements than regular rubber seals [1] . The harsh working condition of aviation and national defense have increasingly higher demands for sealing, and expect the sealing materials to have better tolerance for severe environment, namely, the sealing performance of the sealing materials should be less affected by working environment [2] . Limited by its performance, regular rubber is easily to be degenerated, relaxed and decreased of its reliability in extreme temperatures, high pressures and corrosive environments, leading to the invalidation of spacecraft and threatens the lives of the astronauts [3] . Metal rubber seal is used in special working conditions, and its application would solve the sealing problems in the special environment of aviation and national defense field, and its application is highly regarded by related departments [4] [5] [6] [7] . The metal rubber seals studied in this paper possess the characteristics of high pressure resistance, corrosion resistance, radiation resistance, wide operating temperature range, high bearing capacity, and low-grade degeneration, which exceed those characteristics of regular seals. The application of this material into the sealing under harsh environments has great significance to aviation, national defense weapon manufacturing, and other practical fields.
The experiment in this paper is operated on the dedicated seal test stand for metal rubber, and uses metal rubber seals with different relative densities to test the effects of different temperatures and pressures have on the sealing performances of these metal rubber seals. Then the relationship between the sealing performances and relative densities of the seals, as well as their applicative pressures and temperatures are studied.
The Testing Apparatus and Schemes for the Sealing Performance of Metal Rubber Seal
The dedicated seal test stand for metal rubber used in the experiment is shown in Figure 1 , including PLC control panel, hydraulic station, high temperature unit, and leakage detection system. The leakage detection system utilizes electronic flow detection system, whose measurement accuracy is less than 0.02mm, and meets demand of metal rubber sealing performance test under low flow velocity.
The seal experimental fixture is shown in Figure 2 . In the lower cover seal groove of the fixture, the external diameter is 141.4mm, groove width is 4.1mm, and groove depth is 2.4mm. The temperature data are collected by thermocouple temperature sensor. To be closer to the actual working condition, the temperatures collected in the experiment are the temperatures of the fixture. The seals used in the experiment are stainless steel cladding metal rubber seals. The cover layer and the elastomer materials are all 1Cr18Ni9Ti. Compressive-resilient property and linear thermal expansion in real working condition have important influence on sealing performance, and relative density could influence compressive-resilient property and linear thermal expansion. Great deals of tests have been made on the seals with relative densities of 0.35, 0.40, and 0.45. The real object picture is shown in Figure 3 , in which external diameter is 141.13mm, cross sectional diameter is 3.0mm, compression rate is 20%, pretightening force is 50N·m. The chosen temperatures are 40°C, 100°C, 120°C and 160°C, pressures are 8Mpa, 10Mpa, 14Mpa, and the testing time for each experiment is 60 minutes. The experimental scheme is shown in Table 1 . Under the working condition of 8MPa and 40°C, the leakage of the seal with 0.40 relative density is obviously lower than the seals with 0.45 and 0.35 relative density. But along with the increasing of temperature, the leakage difference between the seals with 0.45 relative density and 0.40 relative density decreases gradually from 2.75ml at 40°C to 2.75ml at 160°C, however, the leakage difference between the seals with 0.35 relative density and 0.45 relative density increases gradually from 0.125ml at 40°C to 1.625ml at 160°C. This result shows that the increasing of relative density could decrease the leakage rate in some degree. Figure 5 shows that under the pressure of 10MPa and stable temperature, the leakage of each seal increases when compares to the seal with the same relative density under the pressure of 8MPa. The leakages of the seals with 0.35, 0.40, and 0.45 relative densities at 40°C increases from 3ml, 2ml and 1ml to 4.8ml, 2.2ml, and 2.44ml respectively at 160°C, in which 0.35 is the largest increase, and the leakage decreases with the increasing of relative density.
40 100 120 160 Figure 6 . Experimental data under 14 MPa. Figure 6 shows that in 60 operating minutes, the leakages of the three seals with different relative densities are all less than 7ml, which is 2ml more than the maximum leakage under 10MPa. In the same temperature, the leakage of each seal increases compares to the leakage of each seal under 10MPa, and leakage difference between the seals with 0.45 relative density and 0.40 relative density decreases gradually, indicating that along with the increasing of pressure and temperature, the seals with higher relative density possess better sealing performances. It can be concluded from Figure 4 to Figure 6 that in the operating time of 60 minutes, the leakages of the seals with 0.40 and 0.45 relative densities are less than the seal with 0.35 relative density.
The Effect of Pressure on Sealing Performance. According to the results of section 3.1, the metal rubber seal with denser relative densities possess better sealing performance. Perform least square method to fit the leakage rate graph could obtain the changing rules of the leakage rates of the seals with different relative densities according to the changing operating temperature. The results are shown in Figure 7 . Figure 7 shows the leakage rates of the three different seals under pressures of 8 MPa, 10 MPa, and 14MPa within the temperature range from 40-160°C, and the results have certain reference for the practical application of metal rubbers. In practical application projects, working condition under certain temperature and pressure usually have special demands for leakage rates. For example, under the condition of 10MPa and 160°C, the leakage rates are not supposed to exceed 0.06 ml•min -1 , so that the metal rubber seal materials with 0.40 and 0.45 can be applied. Under different pressures, the general leakage rate increases with the rising of temperature. The showings of singular points indicating the leakage rate decrease with the increasing of temperature are caused by two main reasons. Firstly, the increasing of temperature causes the decreasing of the viscosity of hydraulic oil, leading to the leakage increase of the sealing coupling surface. Secondly, when temperature rises from 80°C to 100°C, thermal expansion of metal rubber elastomer occurs with the increasing of temperature, and the expansion coefficient of metal rubber exceeds that of metal, and increases nonlinearly with high speed [8] , so that the contact stress of the sealing surface rises and improved the sealing performance.
Conclusion
This paper conducts experimental research on seals under operating pressures of 8 MPa, 10 MPa and 14MPa, within the temperature range of 40-160°C. The effects of relative densities on the sealing performances of the metal rubber seals under different pressures and temperatures are analyzed. The results indicate that the leakage rates of metal rubber seals are related closely with their relative densities. For the seals with three different relative densities, when the operating pressure is low, the relative densities has little influence on the leakage rate of the seals, and as the pressure rises, the leakage rates decrease with the increasing of the relative densities. The experiment also concludes the changing rules of the leakage rates of metal rubber seals with different relative densities according to the alteration of temperature. The results suggest that when the temperature rises, the leakage rates rise in general, but the effect of temperature on the leakage rates decreases with the rising of the relative densities of the seals, leading to better sealing performance.
